In defense of the Stewart approach to acid–base analysis  by Gatz, Rainer K.H. & Elbers, Paul W.G.
Steven M. Brunelli1,2, Glenn M. Chertow3,
Elizabeth D. Ankers4, Edmund G. Lowrie5 and
Ravi Thadhani2,4
1Renal Division, Department of Medicine, Brigham and Women’s Hospital,
Boston, Massachusetts, USA; 2Department of Medicine, Harvard Medical
School, Boston, Massachusetts, USA; 3Nephrology Division, Department of
Medicine, Stanford University School of Medicine, Palo Alto, California, USA;
4Renal Unit, Department of Medicine, Massachusetts General Hospital,
Boston, Massachusetts, USA and 5Cape Neddick, Maine, USA
Correspondence: Steven M. Brunelli, Brigham and Women’s Hospital, Renal
Division, 75 Francis Street, MRB-4, Boston, MA, 02115, USA.
E-mail: sbrunelli@partners.org
Kidney International (2010) 78, 710–711; doi:10.1038/ki.2010.249
In defense of the Stewart
approach to acid–base analysis
To the Editor: Adrogue describes the physicochemical
approach as ‘unduly complex.’1
In reference to the complexity of making the calculations,
the difﬁculty arises from the need to enter all the relevant data
for a Stewart type analysis manually into a calculator, whereas
our point-of-care-machines automatically give us all the
calculations on the basis of bicarbonate approach. The van
Slyke formula2 the machine software uses to calculate BE
is hardly less complex than those needed for the physio-
chemical approach. It ought to be easy to integrate Stewart’s
formulae into the machine software. This has, to our
knowledge, only been carried out at one hospital up to
now: Hawke’s Bay Hospital in New Zealand, thanks to the
late Peter Lloyd.3
As for the complexity of the results themselves, such is the
real situation in a typical intensive care patient. We do not
doubt that Adrogue’s cases can be analyzed by the bicarbonate
approach, if the anion gap is corrected for albumin
concentration. The author describes this correctly: ‘the
plasma anion gap must be adjusted by subtracting or adding
2.5mEq/l for each 1 g/dl of plasma albumin below or above
the average normal value of 4.5 g/dl’. In other words, they
calculate the anionic charge carried by albumin, implicitly
recognizing the weak acid nature of albumin. Why then do
they declare ‘hypoalbuminemic alkalosis, a condition of
questionable existence’? Albumin’s negative charge varies
with pH, which is what characterizes a weak acid? This has
been known for almost a century, see the work by the Nestor
of acid–base physiology, Donald Van Slyke.4
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Figure 1 |Points representing experimental results from the
tables.K, CO2 titration of albumin.J, CO2 titration of albumin.
&, Electrometric titration of albumin.  , CO2 titration of globulin.
þ , Electrometric titration of globulin.B, Electrometric titration of
globulin. The linear curves indicate the mean values of results
from the different albumin and globulin preparations, and the
estimated values for a mixture of 1.6 parts of albumin and 1.0 part
of globulin, such as is approximated in normal human serum.
Donald Van Slyke, Studies of Gas and Electrolyte Equilibria in
Blood, 1928 (4, p 774), with permission from the Journal of
Biological Chemistry.
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